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Abstract
The anthocyanin composition was analysed in strawberry fruits from ﬁve different cultivars (cv. Eris, Oso Grande, Carisma, Tudnew
and Camarosa). Twenty-ﬁve deﬁned anthocyanin pigments were detected, most of them containing Pelargonidin (Pg) as aglycone; some
cyanidin (Cy) derivatives were also found. Glucose and rutinose were the usual substituting sugars, although arabinose and rhamnosetatively identiﬁed; some minor anthocyanins showed acylation with aliphatic acids. A relevant aspect was the detection ofanthocyanin-derived pigments, namely 5-carboxypyranopelargonidin-3-glucoside and four condensed pigments containing C–C linked
anthocyanin (Pg) and ﬂavanol (catechin and afzelechin) residues. Total anthocyanin content ranged between 200 and 600mg kg1, with
Pg 3-gluc constituting 77–90% of the anthocyanins in the strawberry extracts followed by Pg 3-rut (6–11%) and Cy 3-gluc (3–10%).
A notable variability was found among the anthocyanin concentrations in samples of a same variety and harvest, indicating a strongly
inﬂuence of the degree of maturity, edaphic-climatic factors and post-harvest storage.
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1. Introduction
Strawberry fruits (Fragaria ananassa Duch.) have been
(Bridle & Garcia-Viguera, 1997; Hong & Wrolstad, 1990a;
Lukton, Chichester, & MacKiney, 1955) and Pg 3-rutino-
side (Pg 3-rut) is also commonly found (Bakker, Bridle, &ssess high in vitro antioxidant activity that has Bellworthy, 1994; Co & Markakis, 1968; Hong &
been positively correlated with the content of polyphenolic
compounds and, speciﬁcally, anthocyanins, the type of
polyphenols quantitatively most important in strawberry
(Heinonen, Meyer, & Frankel, 1998; Wang & Jiao, 2000;
Wang & Lin, 2000). The anthocyanin composition in
strawberry has been the object of various studies, but is still
not fully characterized regarding minor pigments. Straw-
berry anthocyanins derive from pelargonidin (Pg) and
cyanidin (Cy) aglycones (Fig. 1a) (Mazza & Miniati, 1993).
The major anthocyanin in the fruits is Pg 3-glucoside (Pg 3-
gluc), as ﬁrstly identiﬁed by Robinson and Robinson
(1931). In smaller proportions the presence of Cy 3-
glucoside (Cy 3-gluc) seems also constant in all varieties
Corresponding author. Fax: +34 923 294 515.
E-mail address: csb@usal.es (C. Santos-Buelga).
1Current address: Escola Superior Agra´ria de Braganc-a, Campus de
Santa Apolo´nia, P-5301-855 Braganc-a, Portugal.Wrolstad, 1990b). Furthermore, Pg 3-arabinoside (Fiorini,
1995; Goiffon, Mouly, & Gaydou, 1999) and Cy 3-
rutinoside (Bridle & Garcia-Viguera, 1997) have been cited
in some strawberry cultivars, as well as various acylated
anthocyanins. In particular, Pg 3-(6-malonylglucoside) was
unequivocally identiﬁed by Tamura, Takada and Yoshida
(1995) and indicated as one of the main pigments in several
Japanese cultivars, comprising 5–30% of total anthocyanin
content (Tamura et al., 1995; Yoshida, Koyama, &
Tamura, 2002). Other acylated anthocyanins also reported
in strawberry are Pg 3-acetylglucoside (Hong & Wrolstad,
1990b) and Pg succinylglucoside (Bakker et al., 1994).
In a previous study by our group (Lopes-da-Silva, de
Pascual-Teresa, Rivas-Gonzalo, & Santos-Buelga, 2002),
the anthocyanin composition in strawberries of cv.
Camarosa was analysed using electrospray ionization mass
spectrometry ESI-MS coupled to HPLC. In addition to the
major anthocyanins (i.e. Pg 3-gluc, Pg 3-rut and Cy 3-gluc)
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Fig. 1. Structures of pigments found in strawberry. (a) Anthocyanin aglycones; (b) 5-carboxypyranopelargonidin 3-glucoside (Andersen et al., 2004); and
(c) anthocyanin-ﬂavanol condensed pigments (Fossen et al., 2004).12 minor anthocyanins were detected although identity
could be only assigned to ﬁve of them as Pg 3-acetylgluco-
side, Cy 3-rutinoside, Pg 3-malylglucoside, Pg diglucoside,
and Cy 3-malonylglucosyl-5-glucoside, the three latter not
being described previously in strawberry.
Quite recently, small amounts of some anthocyanin-
related pigments have also been detected and identiﬁed in
strawberries, including 5-carboxypyranopelargonidin 3-
glucoside (Fig. 1b) (Andersen, Fossen, Torskangerpoll,
Fossen, & Hauge, 2004) and four purple anthocyanin–
ﬂavanol complexes consisting of pelargonidin 3-glucoside
C–C linked to (epi)catechin and (epi)afzelechin moieties
(Fig. 1c) (Fossen, Rayyan, & Andersen, 2004). That was
the ﬁrst evidence of the occurrence in a natural plant source
of this type of condensed pigments, whose formation was
associated to reactions taking place during maturation and
ageing of red wines (Jurd, 1969; Salas et al., 2004; Somers,
1971; Vivar-Quintana, Santos-Buelga, Francia-Aricha, &
Rivas-Gonzalo, 1999). Further evidence about the presenceof anthocyanin–ﬂavanol condensed pigments in strawberry
fruits and other plants has also been recently contributed
by our group (Gonza´lez-Parama´s et al., 2005).
The aim of the present work is to update the knowledge
about strawberry anthocyanins, for which the anthocyanin
composition, qualitative and quantitative, has been ana-
lysed in strawberry fruits from ﬁve different cultivars, using
HPLC coupled to diode array and MS detection.2. Materials and methods
2.1. Samples
Strawberries (Fragaria ananassa Duch.) from ﬁve
selected cultivars (cv. Camarosa, Carisma, Eris, Oso Grande
and Tudnew) grown at an experimental station at Instituto
de la Grasa-CSIC in Seville (Spain) and picked at
commercial maturity were collected in years 2001 and
ARTICLE IN PRESS2002. After harvest, fruits were washed in water and frozen
and stored at 35 1C until analysis.2.2. Sample preparation
Frozen strawberries (40–50 g) were homogenized in
MeOH containing 0.1% HCl, kept overnight (14 h) at
3–5 1C and later ﬁltered through a Bu¨chner funnel under
vacuum. The solid residue was exhaustively washed with
methanol and the ﬁltrates obtained were centrifuged
(4000g, 15min, 2 1C) and the solid residue further
submitted to the same process the number of times
necessary to complete extraction of the colour. Hydro-
alcoholic phases were combined, water was added, the
supernatant was concentrated under vacuum in a rotary
evaporator at o30 1C to total evaporation of the
methanol; the aqueous extract obtained was washed with
n-hexane to remove liposoluble substances. An aliquot
(2ml) of the aqueous phase was carefully deposited onto a
C-18 SepPaks Vac 3cc cartridge (Waters); sugars and
more polar substances were removed by passing 15ml of
ultrapure water and anthocyanin pigments further eluted
with 5ml of MeOH:0.1% TFA (95:5). The methanolic
extract was concentrated under vacuum in a rotary
evaporator at o30 1C after adding some water. The
aqueous extract was collected, its volume completed to
2ml with ultrapure water and ﬁltered through a 0.45-mm
membrane ﬁlter for HPLC analysis. For each strawberry
variety and year of harvest, three independent extracts were
prepared that were puriﬁed and analysed separately.2.3. HPLC-DAS-MS analyses
Analyses were performed in a Hewlett-Packard 1100
series liquid chromatograph. Separation was achieved on a
5-mm AQUAs C18 150mm 4.6mm column (Phenomen-
exs, Torrance, CA) thermostatted at 35 1C. Solvents used
were: (A) 0.1% triﬂuoroacetic acid in water, and (B)
HPLC-grade acetonitrile, establishing the following gradi-
ent: isocratic 10%B for 5min, 10–15%B over 15min,
isocratic 15%B for 5min, 15–18%B over 5min, and
18–35%B over 20min, using a ﬂow rate of 0.5mlmin1.
Double on-line detection was carried out in a diode array
spectrophotometer (DAS), using 520 nm as the preferred
wavelength, and in a mass spectrometer (MS) connected to
the HPLC system via the DAS cell outlet.
The mass spectrometer was a Finnigan LCQ (San Jose,
CA) equipped with an ESI source and an ion trap mass
analyser, which were controlled by the LCQ Xcalibur
software. Nitrogen was used as both auxiliary and sheath
gas at ﬂow rates of 6 and 1.2 lmin1, respectively. The
capillary voltage was 4V and the capillary temperature
195 1C. Spectra were recorded in positive ion mode
between m=z 150 and 1500. The MS detector was
programmed to perform a series of three consecutive scans:
a full scan, a zoom scan of the most abundant ion in theﬁrst scan and an MS–MS scan of the most abundant ion,
using a normalized collision energy of 45%.
2.4. Quantification
The three major anthocyanins in strawberry were
quantiﬁed from the areas of their chromatographic peaks
recorded at 520 nm by comparison with calibration curves
obtained with external standards of Cy 3-gluc (for
cyanidin-based anthocyanins) and of Pg 3-gluc (for
pelargonidin-based anthocyanins). Strawberry extracts
were analysed in triplicate.
3. Results and discussion
3.1. Pigment identification
In the different strawberry varieties analysed 25 antho-
cyanin pigments were detected for which suitable informa-
tion concerning their UV-vis or mass spectral
characteristics could be obtained. Fig. 2 shows the HPLC
anthocyanin proﬁles in the samples of the ﬁve strawberry
cultivars analysed (i.e. cv. Tudnew, Carisma, Camarosa,
Eris and Oso Grande). Peak data obtained in the HPLC-
DAS-MS analyses (retention time in the HPLC system,
lmax in the visible region, molecular ion and main
fragments observed in MS2) are summarized in Table 1,
together with the strawberry varieties in which each peak
was detected. In addition to the compounds indicated in
that table, other very minor pigments were also detected
although no good absorption or mass spectra could be
obtained to allow speculation about their identity.
Pelargonidin shows a characteristic UV-vis spectrum
shape with lmax in the visible region at lower wavelengths
(about 500 nm) than other common anthocyanins and an
additional maximum about 430 nm (Fig. 3). Based on it the
peaks corresponding to Pg-derived anthocyanins could be
easily assigned in the chromatograms. It is necessary to
take into account that during gradient HPLC run a
progressive bathochromic shift in the visible lmax of the
anthocyanin peaks is produced with the increase in the
percentage of acetonitrile in the mobile phase (Hebrero,
Santos-Buelga, & Rivas-Gonzalo, 1988). Thus, lmax of the
peaks of the Pg-based anthocyanins vary from 500 nm
(peak 6) to 508 nm (peak 23). The presence of Pg as
anthocyanidin in those peaks was further conﬁrmed by
their mass spectra, which showed an MS2 signal at m=z
[M]+ 271. In addition, ﬁve peaks (5, 8, 9, 18 and 24) were
identiﬁed as Cy derivatives based on the presence of a
signal at m=z [M]+ 287 in their MS2 spectra. Mass spectral
characteristics also allowed to assign ﬁve other peaks to
anthocyanin-derived pigments as discussed below.
Major peaks in the HPLC chromatograms in all samples
corresponded to Pg 3-gluc (peak 10), Pg 3-rut (peak 12)
and Cy 3-gluc (peak 5). Besides them, compounds 1, 2, 3,
19 and 21 were also found in all the samples analysed. Peak
21 would correspond to Pg 3-acetylglucoside, as previously
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Fig. 2. Chromatograms (zoom) recorded at 520 nm showing the anthocyanin proﬁles of the strawberry samples. (a) cv. Tudnew; (b) cv. Carisma, (c) cv.
Camarosa, (d) cv. Eris, (e) cv. Oso Grande. Full chromatogram is shown in the small window. See Table 1 for peak identiﬁcation.suggested (Lopes-da-Silva et al., 2002). Its presence in
strawberry had also been indicated by Hong and Wrolstad
(1990b). Peak 19 was relatively important in the samples of
cv. Tudnew (Fig. 2a). Its UV-vis (lmax at 504 nm) and massspectra (molecular ion at m=z 519 releasing a unique MS2
fragment at m=z 271 corresponding to Pg) allowed possible
identity as Pg 3-malonylglucoside, previously identiﬁed in
strawberry by Tamura et al. (1995). The equivalent Cy
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Table 1
Retention time (Rt), wavelengths of maximum absorption in the visible region (lmax), mass spectral data, tentative identiﬁcation of anthocyanin pigments
and strawberry varieties in which they were detected
Peak Rt (min) lmax
(nm)
Molecular ion
[M+] (m/z)
MS2 (m=z) Tentative identiﬁcationa Strawberry varietyb
1 12.3 515 721 559, 407, 313, 271 Catechin-(4-8)-Pg 3-glucoside Ca, Cr, Er, Os, Tu
2 14.0 517 721 559, 407, 313, 271 Epicatechin-(4-8)-Pg 3-glucoside Ca, Cr, Er, Os, Tu
3 17.7 515 705 543, 407, 313, 271 (Epi)afzelechin-(4-8)-Pg 3-glucoside Ca, Cr, Er, Os, Tu
4 19.3 518 851 543, 407, 313, 271 (Epi)afzelechin-(4-8)-Pg 3-rutinoside Ca, Cr, Tu
5 20.3 515 449 287 Cy 3-glucoside Ca, Cr, Er, Os, Tu
6 21.5 500 433 271 Pg-3-galactoside Ca, Tu
7 21.5 500 595 433, 271 Pg 3,5-diglucoside Ca, Cr, Er, Os
8 21.8 515 595 449, 287 Cy 3-rutinoside Ca, Cr, Er, Os
9 23.0 524 697 535, 449, 287 Cy 3-malonylglucosyl-5-glucoside Ca
10 23.8 502 433 271 Pg 3-glucoside Ca, Cr, Er, Os, Tu
11 24.8 492 501 339 5-carboxypyranopelargonidin-3-glucoside Cr, Os, Tu
12 25.5 503 579 433, 271 Pg 3-rutinoside Ca, Cr, Er, Os, Tu
13 29.3 503 549 271 Pg 3-malylglucoside Cr
14 31.6 504 422 331 Unknown Ca, Er, Tu
15 32.6 503 607 271 Pg-dissacharide (hexose+pentose) acylated
with acetic acid
Ca, Cr, Er
16 32.9 503 607 271 Pg-dissacharide (hexose+pentose) acylated
with acetic acid
Ca
17 33.3 503 403 271 Pg 3-arabinoside Cr, Tu
18 33.5 n.a. 535 287 Cy 3-malonylglucoside Ca
19 35.5 504 519 271 Pg 3-malonylglucoside Ca, Cr, Er, Os, Tu
20 38.4 n.a. 563 271 Pg dirhamnoside? Ca, Cr
21 39.9 504 475 271 Pg 3-acetylglucoside Ca, Cr, Er, Os, Tu
22 40.6 504 533 271 Pg 3-succinylglucoside? Pg 3-
methylmalonylglucoside?
Os, Tu
23 45.3 508 503 271 Pg 3-succinylarabinoside? Ca, Cr, Os, Tu
Pg malonylrhamnoside?
(Pg 3-methylmalonylarabinoside?)
24 46.2 n.a. 549 287 Cy 3-succinylglucoside? Ca, Tu
Cy malylrhamnoside?
(Cy 3-methylmalonylglucoside?)
25 47.1 n.a. 517 271 Pg 3-diacetylglucoside? Ca, Cr, Tu
(Pg succinylrhamnoside?)
(Pg 3-methylmalonylrhamnoside?)
aPg, pelargonidin; Cy, cyanidin; n.a., not available.
bCa, Camarosa; Cr, Carisma; Er, Eris; Os, Oso Grande; Tu, Tudnew.
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Fig. 3. UV-vis spectra of pelargonidin 3-glucoside ( ), cyanidin
3-glucoside (- - - -) and peak 11 (5-carboxypyranopelargonidin 3-glucoside)
(—) recorded with the HPLC diode array detector.3-malonylglucoside (peak 18) was also detected in our
samples, as a very small peak in the chromatograms of cv.
Camarosa. It was assigned according to its mass (molecular
ion at m=z 535, MS2 fragment at m=z 287) and HPLC
retention characteristics, eluting immediately before Pg 3-
malonylglucoside. Further conﬁrmation of the identity of
compounds 18 and 19 was provided for comparison of
their chromatographic and absorption and mass spectral
characteristics with those of Cy 3-(600-malonylglucoside)
and Pg 3-(600-malonylglucoside) previously identiﬁed in our
laboratory in purple corn (de Pascual-Teresa, Santos-
Buelga, & Rivas-Gonzalo, 2002) and available in our
anthocyanin library. In our knowledge, Cy 3-malonylglu-
coside had not been previously reported in strawberry.
Compounds 1–4 were assigned to condensed pigments
containing C–C linked anthocyanin (Pg) and ﬂavanol
(catechin or afzelechin) residues (Fig. 1c), as discussed
elsewhere (Gonza´lez-Parama´s et al., 2005). Pigments with
the same structural characteristics as compounds 1–3 were
ARTICLE IN PRESSisolated from strawberry and fully characterised using
NMR by Fossen et al. (2004). Compound 4 (i.e. (epi)afz-
elechin-(4-8)-Pg 3-rut) was not reported by those authors,
but ﬁrstly described by our group (Gonza´lez-Parama´s
et al., 2005).
Anthocyanins 7, 8, 9, 13, 15 and 16 have been previously
detected and tentatively identiﬁed in strawberries from cv.
Camarosa by our group (Lopes-da-Silva et al., 2002). They
correspond to: Pg-3,5-digluc (peak 7), Cy 3-rutinoside (8),
Cy 3-malonylglucosyl-5-glucoside (9), Pg 3-malylglucoside
(13) and two Pg biosides acylated with acetic acid (15 and
16).
Peak 17 was only relevant in the samples of cv. Carisma.
The molecular ion at m=z 403, releasing an MS2 fragment
at m=z 271 (Pg), is consistent with a Pg pentoside.
Arabinose and xylose are the most common pentose
substituents in anthocyanins (Mazza & Miniati, 1993).
No actual identiﬁcation can be made of the sugar residue
from the MS spectrum, but Pg 3-arabinoside was reported
by some authors (Fiorini, 1995; Goiffon et al., 1999) as the
third major anthocyanin in some strawberry varieties. For
that reason and since no other pentoside was detected in
our samples, peak 17 was tentatively assigned to Pg 3-
arabinoside.
Bakker et al. (1994) detected in some strawberry
cultivars two pigments whose masses, obtained by FAB-
MS, were coherent with the succinyl derivatives of Pg 3-
gluc and Cy 3-gluc. Molecular ions that may correspond to
these two anthocyanins were also detected in our samples
for peaks 22 (m=z at 533) and 24 (m=z at 549), respectively.
However, their identity causes some doubt since Cy
succinylglucoside should be expected to elute before the
corresponding Pg succinylglucoside. A theoretical possibi-
lity that would also match these molecular ions is that one
or both of them are products derived from anthocyanins
acylated with malonic acid by esteriﬁcation of the free
carboxyl unit of the malonyl residue with the methanol
used as a solvent for the extraction. Similar reaction was
previously demonstrated in our lab to occur in anthocya-
nins of purple corn (de Pascual-Teresa et al., 2002), where
the formation of ethyl derivatives of the malonylglucosides
of cyanidin, peonidin and pelargonidin was observed
following esteriﬁcation with ethanol. Even if in that study
the process was induced by heating (60 1C), methylation
should not be discarded in our strawberry samples. In
support of that possibility is the fact that peak 22 is
particularly noticeable in the extracts of cv. Tudnew, where
its potential precursor, Pg 3-malonylglucoside (peak 19), is
in relatively higher amounts than in the rest of strawberry
varieties analysed.
Similarly, peak 24 might be the corresponding methyl
derivative of Cy 3-malonylglucoside, although in this case
the reduced levels of the precursor anthocyanin (i.e. peak
18) would not support it. Another structure that also
matches the molecular ion of peak 24 is that of a Cy
malylrhamnoside. Nevertheless, such identity is much more
uncertain taking into account that the corresponding non-acylated Cy rhamnoside, that would have also been
expected to occur in the samples, was not detected.
The molecular ion of peak 23 (m=z at 503) would match
either a Pg succinylpentoside or a Pg malonylrhamnoside.
The facts that peak 23 appeared in the same samples as
peak 17 (assigned to Pg 3-arabinoside) and that Pg
rhamnoside was not detected in any sample, seem to
support the ﬁrst identity (i.e. Pg succinylpentoside).
Different possible structures can also be suggested for
peak 25, whose molecular ion at m=z 517 would match
either a diacetyl derivative of Pg 3-gluc, a Pg succinyl-
rhamnoside or a Pg methylmalonylrhamnoside. All of
them would be in agreement with its late elution. Newly,
the fact that no Pg rhamnoside was detected might support
the ﬁrst identity. Curiously, peak 20 showed a molecular
ion (m=z at 563) that coincides with that of a Pg aglycone
bearing two rhamnose substituents, identity that would
also agree with its lower polarity when compared to Pg 3-
gluc and Pg 3-rut. As for peaks 23 and 25, the non-
detection of a Pg monorhamnoside would raise some doubt
about the dirhamnosyl nature of peak 20.
The possibility that any of the peaks 20, 23 or 25 contain
a p-coumaroyl acyl residue instead of a rhamnose was
discarded. No shoulder at 310–330 nm was observed in the
absorption spectra of any of the anthocyanins detected in
the samples analysed, thus indicating that no hydroxycin-
namic acids but only aliphatic acids are involved in
acylation of strawberry anthocyanins.
Finally, three other minor pigments (peaks 6, 11 and 14)
were also detected in some samples. Mass characteristics of
peak 6 correspond to a Pg hexoside (molecular ion at m=z
433, MS2 fragment at m=z 271). Taking into account that
galactose is the only relevant hexose found in anthocyanins
besides glucose (Mazza & Miniati, 1993) and the retention
characteristics of the peak, eluting before Pg 3-glucoside, it
was tentatively associated to Pg 3-galactoside (galactosides
elute before the equivalent glucosides; Escribano-Bailo´n,
Santos-Buelga, Alonso, & Salinas, 2002). Peak 11 showed a
molecular ion at m=z 501 that released an MS2 fragment
at m=z 339 (162 amu, loss of a glucose moiety) and
a characteristic UV-vis spectrum (Fig. 3) with lmax in
the visible region at 492 nm, hypsochromically shifted
with regard to that of Pg, and an additional maximum
at 335 nm. These mass and spectral features allowed
assignment as 5-carboxypyranopelargonidin 3-glucoside
(Fig. 1b), a pigment recently identiﬁed in strawberry by
Andersen et al. (2004). Such a structure is similar to that of
the pyruvic acid adducts of anthocyanins formed in red
wines during winemaking and ageing (Mateus, de Pascual-
Teresa, Rivas-Gonzalo, Santos-Buelga, & de Freitas,
2002).
Mass spectrum of peak 14 (Fig. 4) revealed a molecular
ion at m=z 422 that released a unique MS2 fragment at m=z
331, a mass that might correspond to the anthocyanidin
malvidin (Mv). However, the small difference of mass
between the molecular ion and the MS2 fragment (92 amu)
does not allow identiﬁcation of the peak as a Mv glycoside;
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Fig. 4. Mass (molecular ion and MS2) and UV-vis spectra of peak 14 recorded with the HPLC diode array detector.
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Fig. 5. Ion chromatogram extracted for m=z 422 corresponding to a
strawberry extract from cv. Tudnew.on the other hand, the even molecular ion (m=z 422) may
suggest that the lost fragment contains N or S. Further-
more, another compound with the same mass character-
istics (molecular ion at m=z 422 and MS2 fragment at m=z
331) was found in the same strawberry samples when a
search was made in the mass chromatograms (Fig. 5),
pointing out that two isomeric structures of the compound
exist. The peak of the second compound is overlapped by
that of Pg 3-rutinoside and for that reason it was not
detected in the DAD chromatograms. Mass characteristics
of peak 14 are quite unusual for an anthocyanin, although
its UV-vis spectrum (Fig. 4) is in support of its anthocyanin
nature. In any case, lmax in the visible region (504 nm) isnot characteristic of a Mv-derived anthocyanin (lmax
525–530 nm) but rather of a Pg-derived or a C-4-
substituted anthocyanin. Thus, the existence of malvidin
as anthocyanidin in compound 14 is doubtful and no
deﬁnitive structure could be matched with its spectral and
mass features.
3.2. Content and distribution of anthocyanins
Table 2 shows the individual concentrations of the three
major anthocyanins (i.e. Cy 3-gluc, Pg 3-gluc, Pg 3-rut) in
the extracts of the ﬁve strawberry varieties in the two
harvests analysed. Total anthocyanins would range be-
tween 200 and 600mgkg1 fresh weight. In general, these
anthocyanin contents are roughly similar to those reported
by other authors. Values of total anthocyanins ranging
150–350mgkg1 were collected by Clifford (2000) from the
literature.
In our study notable variability was found among
samples of each variety and year, suggesting that
edaphic-climatic factors and degree of maturity have a
strong inﬂuence on the anthocyanin levels. Nevertheless,
some inﬂuence of the strawberry cultivar may also exist.
Meyers, Watkins, Pritts, and Hai-Liu (2003), in a study
carried out with eight different strawberry varieties,
reported average concentrations of 414mgkg1, with
strong differences among cultivars, the richest one
Table 2
Anthocyanin contents in samples from ﬁve strawberry cultivars harvested
in 2001 and 2002
Cy 3-gluca Pg 3-glucb Pg 3-rutb
Camarosa 2001 2576 261736 4377
2002 41713 384788 5579
Carisma 2001 1073 242749 1575
2002 1375 3147112 2474
Eris 2001 2778 185766 1375
2002 2374 163722 1473
Oso Grande 2001 2473 289734 2972
2002 1171 16276 1672
Tudnew 2001 2479 4687124 33713
2002 2874 401747 3171
Concentrations (mean7s.d.; n ¼ 3) are in fresh weight.
aExpressed as mg Cy 3-gluc.kg1.
bExpressed as mg Pg 3-gluc.kg1.(Earliglow) having twice the concentration than the poorest
(Allstar). None of the varieties studied by those authors
coincides with the ones analysed by us. Concentrations of
185.0715.0 and 840.275.7mg kg1 were determined in
samples of Oso Grande and Camarosa, respectively, by
Garcia-Viguera, Zafrilla, and Tomas-Barberan (1998). The
high levels found in Camarosa by those authors were
explained by the more intense pigmentation of the inner
tissues of the fruit than found in other varieties. Such
differences were also observed in the Camarosa samples
here analysed, as well as in those of cv. Tudnew, varieties
that showed the highest concentrations among those
studied. By contrast, the faintest inner pigmentation and
the lowest concentrations were observed in the samples of
cv. Eris. Anthocyanin content in Camarosa strawberries
was also determined by Castro, Gonc-alves, Teixeira, and
Vicente (2002) obtaining values closer to those found in our
samples (482714mg kg1). It should also be taken into
account that differences in concentration found for a same
variety by different authors might also be due to the use of
different extraction solvents.
Regarding anthocyanin distribution, Pg 3-gluc is the
predominant compound in the strawberry extracts (83% of
total anthocyanins on average), usually followed by Pg 3-
rut (8%) and Cy 3-gluc (7%). Percentages of 89–95% for
Pg 3-gluc and 4–11% for Cy 3-gluc were found by Goiffon
et al. (1999) in a study carried out with ﬁve strawberry
varieties different to those analysed by us. Curiously, this
author does not report the presence of Pg 3-rut, but
indicates Pg 3-arabinoside to be the third anthocyanin in
the varieties Senga sengana and El santa.
In our study, the samples of Camarosa were those with
lower percentages of Pg 3-gluc (77–78%) and the highest
ones of Pg 3-rut (11–13%), whilst samples of Carisma
possessed the highest proportions of Pg 3-gluc (88–89%)
and the lowest ones of Cy 3-gluc (3–4%). Eris was the only
variety that showed greater levels of Cy 3-gluc (12%) than
Pg 3-rut (6–7%). The proportions found among these threeanthocyanins were fairly consistent for the different
samples of the same variety (Table 2), suggesting a
characteristic anthocyanin distribution. A similar conclu-
sion was obtained by Garcia-Viguera et al. (1998) who also
found similar proportions to us in cv. Camarosa and Oso
Grande.
According to Tamura et al. (1995) Pg 3-malonylgluco-
side is one of the main anthocyanins in strawberry
comprising 30%, 25%, and 12% of the total anthocyanin
content in cv’s Nyoho, Himesodachi and Reiko, respec-
tively. Proportions between 5% and 24% of this antho-
cyanin are also determined by Yoshida et al. (2002) in 11
Japanese strawberry cultivars. In our case, no important
levels of acylated anthocyanins were found in the samples
analysed. The highest percentages were determined in the
extracts of cv. Tudnew where Pg 3-malonylglucoside and Pg
3-acetylglucoside represented about 1% of total anthocya-
nins. At this respect, it is pertinent to indicate that
extraction with solvents containing HCl may result in
pigment degradation due to the concentration of HCl, and
this is one of the reasons why anthocyanins containing
labile aliphatic acyl moieties may have been overlooked
(Strack & Way, 1989). In assays carried out in our
laboratory with grape anthocyanins no relevant decrease
in the levels of anthocyanins acylated with acetic acid was
observed when 0.1% HCl in methanol was used for
extraction, as in the present study. We found that a critical
point, even when low HCl percentages are used, is the
evaporation phase, where an increase in the concentration
of HCl is produced as a result of the removal of the organic
solvent. For that reason, in this study, water was added
prior to solvent evaporation to prevent the increase in the
concentration of HCl during evaporation. In spite of this,
some cleavage of the aliphatic acyl residues cannot be
discarded with subsequent underestimation of the corre-
sponding acylated anthocyanins.
4. Conclusions
The use of optimized HPLC conditions coupled to diode
array and mass detection allowed us to detect up to 25
different anthocyanin pigments in strawberry fruits from
ﬁve different varieties (cv. Eris, Oso Grande, Carisma,
Tudnew and Camarosa). Most anthocyanins showed Pg as
aglycone, although some Cy derivatives were also present.
Glucose was the most usual substituting sugar, but rutinose
and possibly arabinose and rhamnose have been found, as
well as acylation with different aliphatic acids (e.g. malic,
malonic, succinic or acetic acids). A relevant aspect was the
conﬁrmation in the strawberry fruits of the presence of
anthocyanin-derived pigments, namely a Pg-derived pyr-
anoanthocyanin and four condensed products containing
C–C linked anthocyanin (Pg) and ﬂavanol (catechin and
afzelechin) residues, whose detection in natural plant
sources was very recently made. Up to then, this type of
compounds was associated with reactions taking place
during processing and ageing of red wines. In the ﬁve
ARTICLE IN PRESSstrawberry varieties studied, Pg 3-gluc is always the
predominant anthocyanin, usually followed by Pg 3-rut
and Cy 3-gluc. These three compounds represented more
than 95% of total anthocyanins in strawberry. Tudnew and
Camarosa were the varieties with the higher anthocyanin
content among those analysed.
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